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Abstract
To determine the stress analysis on the Nerve Cuff by MicroProbes, a finite element
analysis was conducted. A simplified model was created in Solid Works using the geometry of
the basic model of the nerve cuff. The solid model was then imported into Abaqus and the
appropriate materials, boundary conditions, and loads were designated. Initially a tensile test
simulation was conducted using a tensile force of 2.87 Newtons. The maximum stress
experienced with this tensile force was 8.225 MPa which was greater than the ultimate tensile
strength of 5.5 MPa of Silicone. Both the actual tensile test and the tensile test simulation
showed that the nerve cuff would fracture during a tensile load of 2.87 Newtons. Additionally
the tensile test validated the finite element analysis model because the maximum experienced
stress on the simulation was on the same order of magnitude as the actual experienced stress
during an actual tensile test. Next, loads and boundary conditions were applied to simulate the
nerve cuff during actual use. The maximum stress in the silicone component and platinum
iridium component of the nerve cuff were 1.131 and 2.412 MPa respectively. These are both
lower than the ultimate strength of silicone and platinum iridium, showing the nerve cuff would
remain intact and not fail during regular use. This model can be enhanced and further used to
eventually help get FDA (Food and Drug Administration) approval of the nerve cuff for human
use.
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Introduction
Currently, approximately 4% of Electromyography (EMG) related diagnoses have been
found to be inaccurate or misdiagnosed [1]. EMGs have been found to be destructive and
invasive to muscle tissue and nerves due to the required needle insertion [1]. The Nerve Cuff
was created to be an accurate electropotential measurement tool to be used as a substitute to
an EMG. The Nerve Cuff does not cause any damage to the nerve tissue because no needle
insertion is required. The Nerve Cuff, however causes more damage to surrounding muscle
tissue because of the insertion cut required. Since muscle tissue is much more regenerative
than nerve tissue, this is thought to be a good alternative.
The Nerve Cuff designed my MicroProbe is currently not FDA approved [2]. The Nerve
Cuff is currently only used as a testing procedure on animals such as rats, mice, felines, canines,
birds, and primates [2]. For the Nerve Cuff to be approved for market for human use in the US,
the Nerve Cuff will need to go through a lot of testing including bench testing, in vitro testing, in
vivo testing, and clinical trials. One of the first steps to help the Nerve Cuff get approval for
human testing and ultimately for market approval is a computer model. The purpose of this
study is to make a model of the Nerve Cuff that is validated through tensile test data and that
simulates the mechanical stresses that the nerve cuff is expected to experience during regular
use, to help show that the Nerve Cuff is safe for human use. Figure 1 below shows the Nerve
Cuff design.
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Figure 1: Nerve Cuff Design
Currently there are Food and Drug Administration (FDA) approved devices that are
similar to the nerve cuff. Some of these devices include the Salubridge Cuff, the Surgisis Cuff,
and the Collagen Cuff [3,4,5]. Most of these devices have been created to help support nerves
and help in their repair [4]. The nerve cuffs main purpose is to achieve multiple contacts in a
single section of a nerve to allow stimulation and accurate data recordings.
This study will focus on a finite element analysis (FEA) of the Nerve Cuff to simulate the
mechanical loadings it is expected to experience to help the Nerve cuff get approved for market
by the FDA. To do this, a finite element analysis was run on Abaqus. FEA models are considered
to be helpful in determining device safety [7]. Once an accurate model is created, by simply
changing the boundary conditions and loads, various simulations can be performed to show
device safety. Before any of these tests can be considered accurate, the finite element analysis
model must first be validated. Model validation is important because validation will show that
the model behaves how the actual device is expected to behave [8]. Additionally, because
different numbers of elements can be used, it is important to determine if the model is
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converging to make sure the results are accurate. This will be done by varying the degrees of
freedom and comparing the maximum experienced stress at each of the degrees of freedom.
The goal of this study is to create a finite element analysis model of the Nerve Cuff to
simulate the mechanical environment the Nerve Cuff will experience during regular use, to
validate the model through tensile test validation, and to help the Nerve Cuff get approval to
market by the FDA.

Methods
Solid Model Development
The specifications specified by Micro Probe were used to create a solid model of the
nerve cuff. The model consists of 4 components: one silicone nerve cuff and 3 metal links. The
silicone nerve cuff was created in SolidWorks by drawing the inner and outer circle and
extruding out the length of the cuff. Next, the interior of the silicone nerve cuff tube was
extrude cut to create space to place the three metal links. The three metal links were created
by drawing the inner and outer circles and extrude out the lengths of the metal links. The three
links are identical in dimensions. The assembly feature in SolidWorks was then used to combine
the silicone nerve cuff and platinum iridium metal links. The final SolidWorks model is shown
below in Figure 2.
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Figure 2: Solid Model of Silicone Nerve Cuff and Metal Links Assembly

Specifications
The specifications for the model were used based on the actual nerve cuff produced by
microvention. All specifications matched the basic nerve cuff model that MicroProbe has
specified except the Teflon insulated section where the stainless steel leads are inserted. This
component was left out to simply the model to just the nerve cuff section. The specifications
that were used are shown below in Table 1.
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Table 1: Specifications for Nerve Cuff Solid Model and Finite Element Model
Specifications
Solid model inner diameter will be 1.0 mm
Solid model outer diameter will be 1.4 mm
Solid model will be 20 mm in length
3 Platinum Iridium segments will be placed in the nerve cuff cylinder
The first Platinum Iridium segment will be 6.375 mm from the left end of the nerve cuff
The second Platinum Iridium segment will be 2.125 mm to the right of the first Platinum Iridium
segment
The third Platinum Iridium segment will be 2.125 mm to the right of the second Platinum
Iridium segment
Each Platinum Iridium segment will be 1.0 mm thick
Each Platinum Iridium segment will go into the nerve cuff 0.1 mm in depth
Mesh convergence will be satisfied for the tensile test simulation
Mesh convergence will be satisfied for the “normal use” simulation
Finite Element Analysis will be validated if the stress of failure is on the same magnitude as the
stress where the product failed on an actual tensile test (i.e. Nerve cuff fails at 3.8 MPa, so the
failure tensile stress applied must 3.8 MPa

7

Abaqus Model Development
The SolidWorks model of the handle was then saved as an IGES file and imported into
Abaqus. Abaqus found errors with the geometry and would not allow for the model to be
meshed or analyzed. To fix this, the geometry edit tool in Abaqus was used to stitch all
geometry flaws. Next the outer tube of silicone nerve cuff had the silicone material properties
assigned to it. The elastic modulus of silicone was set to be 25.5 MPa and the poissons ratio was
set as 0.48 [8]. Following the outer nerve cuff property assignment, each of the three metal
links was assigned the material properties of platinum iridium. The elastic modulus of platinum
iridium was set to be 164.8 GPa and the poissons ratio was set as 0.26 [9].
After making the appropriate material assignments, the interactions between the four
components (one silicone nerve cuff and three platinum iridium links) needed to be assigned.
To do this the outer surface of each metal link was separately defined. Next, each of the inner
surfaces on the silicone nerve cuff where the metal links would attack was defined separately.
Next the interaction assignment was used to separately assign the interactions between each of
the three metal links and the one silicone nerve cuff. To do this a normal and tangential
interaction was defined for each interaction. Each interaction was set to have friction in the
tangential direction and be hard in the normal direction.
Next, the sections were created for each component of the model. The sections were
then assigned the material properties as mentioned previously. Instances and steps were
created for each of the four components of the model. This model had two simulations run on
it each with separate boundary conditions and loading conditions. One of the simulations was a
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tensile test simulation and the other test is the regular use simulation. The model is shown
below in Figure 3.

Figure 3: Abaqus Wire Model of Silicone Nerve Cuff and Metal Links Assembly

Tensile Test Boundary and Loading Conditions
The purpose of the tensile test simulation, as previously stated, is to validate the model.
Data from MicroProbe was given showing when the nerve cuff actually failed during a real life
tensile test. The nerve cuff failed when a tensile load of 2.87 Newton’s was applied. This force
needed to be applied as a stress (pressure) in the simulation. To convert this force to a
pressure, the force was divided by the surface area of the face of the nerve cuff. The surface
area of the face of the nerve cuff was calculated to be 0.754 mm2. The calculations for this
surface area are shown below in Equation 1 and 2.

Equation 1
9

Equation 2

The pressure was then calculated by dividing the given ultimate tensile force of 2.87
Newtons by the calculated nerve cuff surface area. The pressure applied in the longitudinal
direction was found to be 3.8 MPa. This calculation is shown below in Equations 3 and 4.
Equation 3

Equation 4

The 3.8 MPa pressure will be applied to the model as the load in the longitudinal
direction. The ultimate tensile strength silicone is 5.5 MPa and the ultimate tensile strength of
platinum iridium is 329 MPa. If the applied 3.8 MPa pressure causes a stress anywhere in the
silicone of 5.5 MPa or greater or causes a stress anywhere in the platinum iridium metal links of
329 MPa or greater, the simulation will show that the nerve cuff failed the tensile test. This will
validate the model.
The left end of the nerve cuff was fixed in all directions and rotations. This is shown
below in Figure 4.
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Figure 4: Left End Tensile Test Boundary Condition
The right end of the nerve cuff was fixed in all directions and rotations except the x
(longitudinal) direction. This will allow the nerve cuff to strain and displace in the longitudinal
direction. This is shown below in Figure 5.

Figure 5: Right End Tensile Test Boundary Condition
Next the applied tensile pressure of 3.8 MPa was applied to the right end of the nerve
cuff and is shown below in Figure 6.
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Figure 6: Applied Tensile Stress Location
A simulation will be conducted using these boundary and loading conditions and will be
referred to as the tensile test simulation.

Regular Use Boundary and Loading Conditions
The purpose of the regular use test is to determine if the nerve cuff is strong enough to
be used regularly. It was determined that during regular use, the nerve cuss is expected to have
an internal, radially outward pressure of 1.3 MPa. . If the applied 1.3 MPa pressure causes a
stress anywhere in the silicone of 5.5 MPa or greater or causes a stress anywhere in the
platinum iridium metal links of 329 MPa or greater, the simulation will show that the nerve cuff
failed the regular use test and should not be approved for market.
Both the left and right ends were fixed in all directions and rotations except in the y
(radial) direction. This will allow the nerve cuff to strain and displace in the radial direction. This
is shown below in Figure 7 and Figure 8.
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Figure 7: Left End Regular Use Boundary Condition

Figure 8: Right End Regular Use Boundary Condition
Next the applied pressure of 1.3 MPa was applied to the internal surface of nerve cuff in
a radially outward direction as shown below in a wireframe image for better visualization in
Figure 9.
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Figure 9: Internal Radial Pressure Location
A separate simulation will be conducted using these boundary and loading conditions
and will be referred to as the regular use simulation.

Mesh Development
After the load and boundary conditions were applied, the mesh was developed. Due to
the 3D geometry, tetrahedral elements were chosen for the analysis. The analysis was run with
5,426 elements at 33,264 degrees of freedom. The seed size was chosen to be 0.125 where the
elements were of fine quality. The same seed size was used for the silicone nerve cuff and each
of the metal links to simply determining merge convergence in the future. The
minimum/maximum angle and aspect ratio criteria were met. The mesh is shown below in
Figure 10 for the silicone nerve cuff and Figure 11 for the metal links.
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Figure 10: Mesh of Silicone Nerve Cuff with 0.0125 Seed Size

Figure 11: Mesh of Platinum Iridium Link with 0.0125 Seed Size

Analysis
A static linear analysis was run for both the tensile test simulation and the regular use
simulation. When trying other element types rather than tetrahedral for the 3D model, errors
were given. This helped verify that the tetrahedral element was the correct element to use.
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Results
Mesh Convergence
Convergence of the mesh was verified by running the simulation with various degrees of
freedom until convergence was reached. The seed size for the silicone nerve cuff and the
platinum iridium metal links were changed to change the number of degrees of freedom. The
seed size for the silicone nerve cuff was always set to be equal to the seed size for the platinum
iridium metal links to reduce variability and make it easier to determine when the mesh
converged. Figure 12 below shows the silicone nerve cuff mesh at various degrees of freedom.

Figure 12: Silicone Nerve Cuff Meshes with Varying Seed Sizes. The Seed Size for A is 0.5, B is
0.4, C is 0.3, D is 0.25, E is 0.2, F is 0.125, and G is 0.0625

After setting a seed size for the silicone nerve cuff, the same seed size was selected for
the platinum iridium metal links when determining mesh convergence. Figure 13 below shows
the platinum iridium metal links mesh at various degrees of freedom.
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Figure 13: Platinum Iridium Metal Link Meshes with Varying Seed Sizes. Silicone Nerve Cuff
Meshes with Varying Seed Sizes. The Seed Size for A is 0.5, B is 0.4, C is 0.3, D is 0.25, E is 0.2, F
is 0.125, and G is 0.0625

The initial number of degrees of freedom that was used was 10,338 which corresponded
to a seed size of 0.5. 10,338 degrees of freedom was found to give far too coarse results in the
simulation. The largest number of degrees of freedom that was used was 162,696 which
corresponded to a seed size of 0.0625. 162,696 degrees of freedom was found to give far too
fine results in the simulation. By changing seed size, various meshes were created with varying
degrees of freedom. After trying numerous different degrees of freedom, the seed size of 0.125
as found to give the degrees of freedom where the mesh converged, which was 33,264 degrees
of freedom. A plot showing convergence is shown below in Figure 14.
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Mesh Convergence of Nerve Cuff Assembly
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Figure 14: Mesh Convergence of Nerve Cuff Assembly

Tensile Test Simulation Results
After verifying the mesh converged, the analysis was run using the appropriate degrees
of freedom of 33,264 for the tensile test simulation. This analysis simulated the tensile force of
2.87 Newtons that caused he actual nerve cuff the fracture. During this simulation the
maximum stress of the silicone component of the nerve cuff was found to be 8.225 MPa. This
maximum experienced stress was then compared to the ultimate tensile strength of silicone of
5.5 MPa. Because the maximum experienced stress by the silicone nerve cuff of 8.225 MPa is
greater than the ultimate tensile strength of silicone, the nerve cuff would fracture in the
simulation, which is consistent with the actual tensile test data. The fact that the tensile test
simulation results in a fractured nerve cuff just like the actual tensile test, and that the
maximum experienced stress of 8.225 MPa is on the same order of magnitude as the ultimate
tensile strength of silicone of 5.5 MPa, the model Is validated. Figure 15 below shows the
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simulation of the tensile test with an applied pressure of 3.8 MPa corresponding to an applied
force of 2.87 Newtons.

Figure 15: Finite Element Simulation of Tensile Test on Nerve Cuff Assembly

Regular Use Simulation Results
After the nerve cuff model was validated using the tensile test simulation, the analysis
for the regular use simulation was run using the appropriate number of degrees of freedom of
33,264. This test simulated the nerve cuff being actually placed around a nerve during use.
When used appropriately, the nerve cuff would experience a radially outward pressure of 1.3
MPa. When the simulation was completed, the maximum stress experienced by the nerve cuff
was 2.412 MPa which was experienced by the platinum iridium metal links on the nerve cuff.
This experienced stress of 2.412 is significantly less than the ultimate strength of platinum
iridium of 329 MPa. Therefore, during the regular use simulation, the platinum iridium metal
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links stayed intact and did not fail. The stresses experienced by the nerve cuff during the regular
use simulation are shown below in Figure 16 below.

Figure 16: Finite Element Analysis Simulation of Regular Use on Nerve Cuff Assembly

When looking at the silicone component of the nerve cuff during the regular use
simulation, the maximum experienced stress was 1.131 MPa. This maximum experienced stress
of 1.131 MPa is significantly less than the ultimate strength of silicone of 5.5 MPa, meaning that
during the regular use simulation, the silicone component of the nerve cuff remained intact and
did not fail. The stresses experienced by the silicone component of the nerve cuff during the
regular use simulation are shown below in Figure 17 below.
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Figure 17: Finite Element Analysis Simulation of Regular Use on Silicone Component of Nerve
Cuff

Discussion
Overall the purpose of this finite element analysis was to predict the stresses the nerve
cuff would experience during regular use. When looking solely at the tensile test simulation, the
model was verified though having results on the same order of magnitude of a real tensile test.
When looking at the tensile test simulation results, there are stress concentrations around the
metal links as seen in Figure 14. If failure were to occur, it would most likely occur near one of
these platinum iridium metal links on the silicone. Due to the elastic modulus mismatch and
lower ultimate tensile strength of silicone, failure will result on the border near the platinum
iridium metal links as shown by the high stress concentrations.
When looking at the regular use simulation results, the nerve cuff showed that it would
not fail or fracture during normal standard use. When looking at the stress concentrations in
21

the silicone component of the nerve cuff in Figure 17, the highest stress concentrations are
located near the platinum iridium metal links once again. This once again shows the elastic
modulus mismatch between silicone and platinum iridium causing stress concentrations. One
possible method to reduce this stress concentration can by choosing alternative metals for the
metal ring or a different material instead of silicone. These materials should be chosen to have
similar elastic moduli to one another to reduce stress concentrations and ultimately reduce the
chance of failure.
This model had some limitations. This is a simplified model of the nerve cuff because it
does not contain the section of the nerve cuff where the wires are inserted. That section of the
nerve cuff will probably have stress concentrations associated with it because of its unusual
geometry. Another limitation of this model is that it only models the nerve cuff in one type of
geometry. This specific nerve cuff can be bought in various sizes with varying numbers of
metallic links. To model this, new geometry would be needed to be created for the nerve cuffs
and the same boundary conditions and loads would need to be applied to carry out the
simulation.
One future step for this model is to model other types of boundary conditions and
loads. This model can be used to predict what would happen if the nerve cuff were mishandled
and dropped from various heights. Various other simulations can be run on this model to check
for safety of the nerve cuff. Another future step for simulations on this nerve cuff can be to
incorporate the complex geometry of the sections where the wires connect to the nerve cuff.
This can make the model more accurate, which will results in better predictions using the
model. One major future step for the nerve cuff can be to model each of the various sizes that
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MicroProbes offer of the nerve cuff. To do this, real tests like a tensile test will need to be run
on each of the nerve cuff geometries to help validate each of the nerve cuff simulations.
Another future step for MicroProbe for this nerve cuff can be to try different materials instead
of silicone and platinum iridium. Different materials can be easily modeled using this model by
simply changing the material properties of the metal rings and nerve cuff cylinder.
Overall, this model is a good first step in simulating the stresses on one specific
geometry of the nerve cuff. By adding to this simulation, microprobe can use this data to help
submit their product to the Food and Drug Administration (FDA) for approval for market.
Currently, the nerve cuff cannot be used on humans because it is not approved by the FDA, but
with further finite element simulations and other safety and efficacy tests, MicroProbe can
push to get this product approved for market.

Conclusion
The purpose of this model was to simulate the stresses that the nerve cuff by
MicroProbe will experience during use. To do this, a simplified solid model was created based
on the dimensions of the nerve cuff. This model was then imported into Abaqus. A tensile test
simulation was then run to validate the model. The model was validated because the maximum
stress experienced by the model during a 2.87 tensile force was 8.225 MPa which is on the
same order of the actual tensile test data which had an ultimate tensile stress of 5.5 MPa. Both
the tensile simulation and actual tensile test resulted in nerve cuff mechanical failure. A
simulation was then run that demonstrated the forces the nerve cuff would experience during
regular use. This test resulted in a maximum experienced stress significantly less than the
23

ultimate strength of the silicone and platinum iridium materials, showing that the nerve cuff
would not fail during normal regular use. This model is a good first step to simulating the
mechanical stresses the nerve cuff will experience. With further simulation, this data can be
used to help get FDA approval of the nerve cuff for human use.
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